Introduction {#S0001}
============

Elevated serum IgG4 is the most remarkable feature of IgG4-related disease (IgG4-RD), and a large number of lymphocytes and IgG4 positive plasma cells can be seen in the involved tissue. The clinical symptoms are different for different organs involved. There may be blocked, compression symptoms or organ atrophy, and there may also be a result of cell infiltration or fibrosis resulting in organ failure \[[@CIT0001]--[@CIT0005]\]. Therefore, IgG4-RD includes a wide variety of diseases, including autoimmune pancreatitis, Mikulicz\'s disease, hypophysitis, Riedel thyroiditis, interstitial pneumonitis, interstitial nephritis, prostatitis, lymphadenopathy, retroperitoneal fibrosis, inflammatory aortic aneurysm, and inflammatory pseudotumor \[[@CIT0006], [@CIT0007]\]. Trypsin and T-cell receptor (TCR) are thought to mediate the regulation of B cell maturation, survival and antibody production \[[@CIT0008], [@CIT0009]\]. The aim of this study was to investigate the contribution of serum trypsin and TCR in the pathogenesis of IgG4-RD.

Material and methods {#S0002}
====================

Patients {#S20003}
--------

This study was approved by the Fujian Medical University Committee and all study participants gave informed consent to serum analysis. Clinical information for the survey purposes was obtained by personal interviews using a structured questionnaire and/or clinical trials. From May 2009 to December 2012, 22 unrelated IgG4-RD patients were studied. The patients were diagnosed on the basis of clinical pathological findings \[[@CIT0003], [@CIT0004]\], clinical findings (diffuse/ focal enlargement or mass formation, nodular/thickened lesions in one or more organs), elevated serum IgG4 concentration (\> 135 mg/dl), and histopathologic features including infiltration of lymphocytes and IgG4-positive (+) plasma cells (IgG4+ plasma cells/IgG+ plasma cells \> 40% and/or IgG4+ plasma cells \> 10 cells in 5 high-power fields) with typical tissue fibrosis or sclerosis. At the same time, 65 cases with acute pancreatitis, 60 cases with pancreatic cancer and 120 normal controls collected in the past four years were studied. Serum samples were obtained from the patients with IgG4-RD before and after glucocorticoid treatment.

Clinical features {#S20004}
-----------------

Serum TCR (TCRα and TCRβ) and trypsin levels were determined using an enzyme-linked immunosorbent assay (ELISA) kit (Boyan, NingBo, China) pre- and post-glucocorticoid therapy in patients with IgG4-RD, pancreatic cancer, acute pancreatitis, and normal controls. Detection of serum IgG and IgG4 was measured by latex-enhanced nephelometric immunoassay (Dade Behring Marburg GmbH, Germany).

Histology and immunostaining {#S20005}
----------------------------

Pancreas and other specimens of IgG4-RD were analyzed. The specimens were stained with hematoxylin and eosin (H&E). Immunostaining for infiltrating plasma cells was performed using monoclonal antibody against human IgG4 (Zymed Laboratory, San Francisco, CA, USA, or the Binding Site, Birmingham, UK), antihuman IgG (Dako, Glostrup, Denmark), and/or antihuman CD138 (AbD Serotec, Oxford, UK). IgG4+ plasma cells were counted in five different high-power fields (HPF) with intensive infiltration, and the average IgG4+ plasma cell count was calculated. Average of IgG4+/IgG+ or IgG4+/CD138+ plasma cell ratio of at least two different HPF (2--5 HPF) were calculated.

Statistical analysis {#S20006}
--------------------

All data were analyzed with SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). Mann-Whitney U test or Fisher\'s exact probability test was employed for the statistical analyses. A *p* value of \< 0.05 was considered statistically significant. Data are shown as mean ± standard deviation (SD).

Results {#S0007}
=======

Clinical and laboratory features of IgG4-RD {#S20008}
-------------------------------------------

The mean serum IgG level was 10.46 g/l (range 5.12-- 36.00 g/l), and the mean serum IgG4 level was 6.501 g/l (range 2.110--16.40 0 g/l) (Table 1). All of the patients had elevated serum IgG4 and IgE. C-reactive protein (CRP) (16/22), carbohydrate antigen 19-9(6/22), carbohydrate antigen 125 (12/22) were increased, but antinuclear antibody and anti-extractable nuclear antigen (ENA) were negative. The most frequent clinical manifestations were painless obstructive jaundice (17/22) and weight loss (16/22) in our cohort.

Serum TCR increased and trypsin decreased in IgG4-RD {#S20009}
----------------------------------------------------

Serum TCR in patients with IgG4-RD (*n* = 22, 968.7 ±393.2 pg/ml) was significantly higher than in healthy controls (*n* = 120, 556.9 ±163.6 pg/ml), acute pancreatitis (*n* = 65, 652.8 ±322.5 pg/ml), and pancreatic cancer (*n* = 60, 467.9 ±211.9 pg/ml) (*p* \< 0.05) ([Fig. 1A](#F0001){ref-type="fig"}). And there were no significant differences in IgG4-RD pre- and post-treatment (*p* = 0.383), while serum trypsin of IgG4-RD (3.3 ±0.8 ng/ml) was lower than in acute pancreatitis (24.2 ±8.2 ng/ml), pancreatic cancer (22.6 ±10.5 ng/ml), and normal controls (8.5 ±3.2 ng/ml) (*p* \< 0.05) ([Fig. 1B](#F0001){ref-type="fig"}).

![Serum TCR and trypsin in IgG4-RD, acute pancreatitis, pancreatic cancer, and normal controls. **A)** Serum levels of TCR in patients with IgG4-RD, acute pancreatitis, pancreatic cancer, and normal controls. **B)** Serum levels of trypsin in patients with IgG4-RD, acute pancreatitis, pancreatic cancer, and normal controls](CEJI-39-43722-g001){#F0001}

Relationship between serum TCR and trypsin and IgG4 {#S20010}
---------------------------------------------------

Of the 22 patients analyzed in this study, serum TCR was significantly associated with IgG4 during the whole investigation period \[serum TCR (pg/ml) = --3.1602 IgG4 (g/l) +594.78, R^2^ = 0.042\] ([Fig. 2A](#F0002){ref-type="fig"}). The same applied to trypsin and IgG4 in patients with IgG4-RD \[trypsin (ng/ ml) = --0.1706 IgG4 (g/l) +5.2817, R^2^ = 0.0747\], and serum trypsin concentration decrease with an increasing IgG4 concentration.

![Relationship between serum TCR and trypsin, and IgG4 in patients with IgG4-RD. **A)** Correlation between serum levels of trypsin and IgG4 in patients with IgG4-RD, the relevance is serum TCR (pg/ml) = --3.1602 IgG4 (g/l) +594.78, R2 = 0.042. **B)** Correlation between serum levels of TCR and IgG4 in patients with IgG4-RD, the relevance is trypsin (ng/ml) = --0.1706 IgG4 (g/l) +5.2817, R^2^ = 0.075, and serum trypsin concentration decreases with an increasing IgG4 concentration](CEJI-39-43722-g002){#F0002}

Pathological examination {#S20011}
------------------------

As shown in [Fig. 3](#F0003){ref-type="fig"}, a large number of lymphocytes and plasma cells were found in the involved organs ([Fig. 3B](#F0003){ref-type="fig"}). IgG4 positive cells accounted for the proportion of IgG positive plasma cells \> 40% ([Fig. 3C](#F0003){ref-type="fig"}).

![Histopathologic examination of the involved organs. **A)** Gross sample. **B)** H&E stain. **C)** Immunostaining for IgG4 or IgG, magnification 400×](CEJI-39-43722-g003){#F0003}

Discussion {#S0012}
==========

Kamisawa for the first time put forward the concept of IgG4-RD in 2003. After that, the disease gradually attracted extensive attention and recognition all over the world \[[@CIT0006]--[@CIT0011]\]. In 2010, a review titled "a new syndrome: clinical disease spectrum was related to IgG4" announced the unified name \[[@CIT0008]\]. In recent years, the Chinese began to pay attention to IgG4-RD and some cases of clinical research were reported \[[@CIT0012]\].

The disease is a multisystem complex disease, with a more common onset in the elderly, the most frequent involved organs are the pancreas, liver, nervous system, lacrimal gland, and salivary gland. The involved organs were subject to hyperplasia enlargement due to fibrosis, chronic inflammation, which leads to the oppression of obstructive symptoms or dysfunction. It is not easy to make the diagnosis and differential diagnosis, but the disease generally improved after glucocorticoid treatment \[[@CIT0011]--[@CIT0015]\]. So far there has been no large-scale IgG4-RD epidemiological investigation and its incidence and prevalence are still unclear \[[@CIT0016]--[@CIT0019]\]. In this study, the average age of patients was 48.8 years, the male to female ratio of 2.33: 1, the important clinical manifestations are jaundice and weight loss, the common involved organs are the pancreas and bile duct, and the clinical symptoms were improved after hormone treatment.

Because the imaging and clinical features of IgG4-RD are extremely similar to tumor \[[@CIT0020]--[@CIT0023]\], most patients were treated by operation. Because its relative lack of clinical understanding of IgG4-RD and the IgG4-RD related auxiliary examination is rare, so misdiagnosis and missed diagnosis are common. The study found that serum IgG4 was significantly higher in patients with IgG4-RD, which seems to suggest that serum IgG4 can be used as diagnostic indicators of IgG4-RD and tumor. But the data also show that more than half of the patients with IgG4-RD have tumor markers increased and some cancers such as pancreatic cancer are also found to have serum IgG4 increased; it brings a great challenge to make a differential diagnosis. Recent studies have reported that IgG4-related disease sometimes involves the systemic lymph nodes and it is undeniable that TCR is active in the process of the autoimmune \[[@CIT0024], [@CIT0025]\]. In this study, we investigated the changes of serum TCR pre- and post-treatment in patients with IgG4-RD. It has been found that the IgG4-RD group showed no significant changes, but it was significant higher than in pancreatic cancer, pancreatitis group and normal controls. What is more, trypsin can be used as a signal factor of lymphocyte stimulation. The study found that serum trypsin in patients with IgG4-RD significantly increased after treated. Therefore, serum IgG4, TCR and trypsin are expected to become the diagnosis markers of IgG4-RD.

Although IgG4-RD has been paid more and more attention, the exact etiology, pathophysiology and epidemiology still need to be further studied. As an interdisciplinary system disease, it requires multiple areas of medical mutual cooperation, and realizes the sharing of resources through the effective platform. Further longitudinal studies with larger numbers of patients are required to determine the role of trypsin/TCR system and to determine whether trypsin and TCR might serve as therapeutic targets in IgG4-RD.
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